Rapeseed oil (RSO) is a novel source of plant sterols, containing the unique brassicasterol in concentrations higher than allowed for plant sterol blends in food products in the European Union. Effects of RSO sterols and stanols on aortic atherosclerosis were studied in cholesterol-fed heterozygous Watanabe heritable hyperlipidaemic (Hh-WHHL) rabbits. Four groups (n 18 per group) received a cholesterol-added (2 g/kg) standard chow or this diet with added RSO stanol esters (17 g/kg), RSO stanol esters (34 g/kg) or RSO sterol esters (34 g/kg) for 18 weeks. Feeding RSO stanol esters increased plasma campestanol (P,0·001) and sitostanol (P, 0·001) and aortic campestanol (P, 0·05) compared with controls. Feeding RSO sterol esters increased concentrations of plasma campesterol (P,0·001), sitosterol (P,0·001) and brassicasterol (P,0·001) and aortic campesterol (P, 0·01). Significantly lower plasma cholesterol (P, 0·001) was recorded in the treated groups after 3 weeks and throughout the study. LDL-cholesterol was reduced 50 % in the high-dose RSO sterol ester (P, 0·01) and high-dose RSO stanol ester (P, 0·001) groups compared with controls. Atherosclerotic lesions were found in three rabbits in each of the RSO stanol ester groups and in one in the RSO sterol ester group. Aortic cholesterol was decreased in the treated groups (P, 0·001) in response to lowering of plasma cholesterol induced by RSO sterol and stanol esters. In conclusion, RSO stanol and sterol esters with a high concentration of brassicasterol were well tolerated. They were hypocholesterolaemic and inhibited experimental atherosclerosis in cholesterol-fed Hh-WHHL rabbits. A significant uptake of plant sterols into the blood and incorporation of campesterol and campestanol into aortic tissue was recorded.
Plant sterols and stanols have been on the European market for over a decade as a food ingredient added to certain food groups. They are being marketed as a natural means to lower blood cholesterol levels in humans (1) . Recently, the European Food Safety Authority has published opinions on the scientific substantiation of health claims related to both plant sterols and plant stanol esters and lower or reduced blood cholesterol and reduced risk of CHD (2, 3) . The total and LDL-cholesterol-lowering effect of plant sterols has been shown in several human trials (4 -10) . However, the effect of plant sterols on established atherosclerosis in humans is still unclear (9 -13) . In animal models some authors have found that plant sterols reduce both hypercholesterolaemia and the development of aortic atherosclerosis (12,14 -18) , while others report contradictionary results on the development of atherosclerosis (19) . The major source of plant sterols used in food products is tall oil sterols and vegetable oil sterols, mainly from soyabean oil. In Northern and Central Europe one of the important sources of vegetable oil is rapeseed oil (RSO), since rape is widely grown in this region. RSO is a novel source of plant sterols and stanols, containing plant sterols in concentrations higher than in, for example, soyabean oil (20) . The composition of RSO plant sterol blends differs markedly from that found in other oils, since RSO contains the unique brassicasterol ( Fig. 1 ) in concentrations of up to 15 % (21, 22) . Plant sterol blends solely derived from RSO do not have the acceptable profile presently approved in the European Union (23) . Brassicasterol has not been accepted in concentrations above 5 % of the plant sterol mixture, since it is still lacking the safety evaluation necessary for its use in food products. The effects of RSOderived plant sterol and stanol blends on plasma cholesterol and atherosclerosis is presumed to be comparable with those from oils of other origins.
The aim of the present study was to investigate the effect of dietary supplementation with RSO plant sterol and stanol esters on plasma cholesterol and development of experimental atherosclerosis in cholesterol-fed heterozygous Watanabe heritable hyperlipidaemic (Hh-WHHL) rabbits. The Hh-WHHL rabbit has been proposed as a generally more suitable model for human atherosclerosis than the cholesterol-fed New Zealand White rabbit due to a greater morphological resemblance of the atherosclerotic lesions to human lesions (24, 25) . Furthermore, this model simulates the human population better than the homozygous WHHL rabbit, since the number of individuals with heterozygous familial hypercholesterolaemia outnumber those with the homozygous form (26) . The endpoints in the study included changes in blood lipids and evaluation of aortic atherosclerosis by biochemical analysis, macroscopic and histological examination. In addition, plasma content of individual plant sterols and stanols and their concentrations in aortic tissue in response to dietary exposure were measured. Furthermore, semi-quantitative histopathological evaluation was carried out on the small intestine, lung tissue and myocardium for macrophages, known to be increased in the myocardium of hypercholesterolaemic New Zealand White rabbits and in multiple organs of cholesterol-fed Hh-WHHL rabbits as a response to cholesterol overload (27, 28) .
Materials and methods

Animals and housing
The animal study was performed under conditions approved by the Danish Agency for the Protection of Experimental Animals and the in-house Animal Welfare Committee.
Seventy-two Hh-WHHL rabbits of both sexes were obtained from our in-house breeding colony at the National Food Institute (derived from a parent generation from F. G. J. Janssen, University of Leiden, The Netherlands, with permission from Y. Watanabe). At 6 weeks of age the animals were allocated randomly to four treatment groups. Littermates were assigned to different treatment groups. The animals were kept individually in stainless-steel cages under controlled environmental conditions (temperature 18^28C; 12 h light-12 h dark cycle; relative humidity 55^5 %; air change ten times per h) and observed twice daily for any abnormal behaviour or clinical condition. Body weight was recorded weekly and feed intake daily. The animals had free access to tap water.
Experimental design
The test compounds were mixed into a standard rabbit chow (Altromin no. 2123; Altromin International, Lage, Germany) containing (per kg): crude protein, 120 g; crude fat, 30 g; crude fibre, 200 g; ash, 90 g; moisture, 120 g; N-free extract, 440 g; metabolisable energy, 9·7 MJ. The animals were fed a restricted diet of 100 g/d for a total of 18 weeks (^2 weeks).
The control group (n 18) received daily the standard diet with added cholesterol (2 g/kg) (C 8503; Sigma Aldrich Denmark A/S, Vallensbaek Strand, Denmark). The treated groups (n 18 per group) received daily the standard diet with added RSO stanol esters (17 g/kg; about 10 g plant stanols/kg) þ cholesterol (2 g/kg), or RSO stanol esters (34 g/kg; about 20 g plant stanols/kg) þ cholesterol (2 g/kg), or RSO sterol esters (34 g/kg; about 20 g plant sterols/kg) þ cholesterol (2 g/kg), respectively. The experimental diets were analysed for contents of cholesterol and the following plant sterols and stanols: brassicasterol, campesterol, sitosterol, campestanol and sitostanol (Table 1) ; for methodology, see Fricke et al. (29) . The concentration of brassicasterol in the feed was 1·8 g/kg, about 10 % of the total plant sterol content (about 20 g plant sterols/kg). RSO sterol and stanol ester blends were produced by Raisio Group (Raisio, Finland).
After the 18-week feeding period the animals were euthanised by intravenous injection of pentobarbital (100 mg/kg) into the marginal ear vein followed by exsanguination via flushing of the blood system with 300 ml chilled 0·9 % NaCl solution through a needle inserted into the right ventricle of the heart.
Sampling and analysis of blood
Blood was collected at the initiation of the study before the first experimental feeding and every 3rd week in heparincoated tubes from the marginal ear vein of unanaesthetised animals fasted overnight. The blood was routinely placed on a rotation bed until centrifugation (2500 g; 15 min). Plasma was collected and kept frozen at 2 208C until further analysed. For lipoprotein fractioning, additional blood samples were taken on the day of killing. The lipoproteins were separated by density gradient ultracentrifugation (100 000 g) for 18 h at room temperature as described by Terpstra et al. (30) . The lipoproteins were separated into four fractions containing HDL, intermediate-density lipoprotein, LDL and VLDL. The concentrations of cholesterol and TAG in plasma and in the four lipoprotein fractions were measured enzymically on an automatic analyser (Roche/Hitachi 912 system; Roche Diagnostics, Indianapolis, IN, USA) by the use of appropriate kits (CHOD-PAP 1489232 216, GPO-PAP 1488872 2169; Roche Diagnostics).
Evaluation of aortic atherosclerosis
The aorta was excised from the body in its total length from the heart to the bifurcation of the iliac arteries for macroscopic and microscopic quantitative and qualitative evaluation of atherosclerosis.
For microscopic examination, three ring-sections were excised from well-defined places on the unopened aorta: (1) just above the aortic valves, (2) at the level of the first intercostal arteries and (3) cranial to the coeliac artery. The three ring-sections were fixed for a minimum of 24 h in 4 % neutral buffered formaldehyde, before embedding in paraffin. Sections, 4-6 mm thick, were stained with van Gieson's stain. In each of the three ring-sections of aorta the lesions were evaluated qualitatively by microscopy as either: (1) (31) . To evaluate quantitatively the severity of atherosclerosis, stereology was performed by methodologies previously described as point counting on each of the three ring-sections of aorta (32) . For macroscopic examination the three remaining parts of the aorta: (a) cranial, (b) thoracic and (c) abdominal were cut open and scanned separately on a standard document scanner (HP ScanJet 7400c; Hewlett Packard, Palo Alto, CA, USA). Quantitative evaluation of the extent of atherosclerosis measured as the percentages of aorta covered by plaque was performed using quantification software (Quantity One, version 4.2; Bio-Rad Laboratories, Hercules, CA, USA) to measure the area of the plaque and the area of the aorta. The intima-inner media was then stripped from the rest of the aortic wall of the cranial aorta, weighed, frozen and stored at 2208C until further analysed. Cholesterol and lathosterol content in the cranial aorta was determined biochemically by GC -flame ionisation detection as described previously (33) and concentrations given in ng/mg dry weight.
Analysis for plant sterols in plasma and cranial aorta
Plant sterol levels were measured in plasma on day 1 and at termination, by GC -flame ionisation detection methods described by Fricke et al. (29) . Intima-media of the cranial aorta was analysed for plant sterols by GC -MS -selected ion monitoring according to Lütjohann et al. (33) .
Histological evaluation of other tissues
Tissue samples were collected at the time of killing from the duodenum, the right lung and the myocardium. Tissues were fixed and embedded in paraffin as described for aortic tissues. Sections, 4-6 mm thick, were stained with standard haematoxylin and eosin. The sections were subjected to a semiquantitative evaluation of infiltration with macrophages and scored as no, slight or pronounced infiltration.
Statistics
Data were tested for normal distribution and homogeneity of variance by standard residual plots. Normally distributed data were analysed by the generalised linear model (GLM) procedure. Analysis of repeated measures was applied to data on blood (cholesterol and TAG), using the mixed procedure and analysis of summary measures was applied to data on plant sterols in plasma. Data not normally distributed was analysed by the Kruskall -Wallis test and if significant followed by Wilcoxon's test for pair-wise comparisons. Fisher's exact test was used to analyse data obtained from histological examinations. Differences were always considered statistically significant when P, 0·05. All statistic analyses were carried out using SAS Enterprise Guide 3.0 (SAS Institute Inc., Cary, NC, USA). RSO, rapeseed oil. * Part of these data has been previously published by Fricke et al. (29) .
Statistical analyses revealed an outlier in the low-dose RSO stanol ester group. Plasma concentrations of cholesterol, plant sterols and stanols were approximately two times higher in this animal than the mean of the group and the concentrations in intima of the cranial aorta were approximately ten times higher. Furthermore, cholesterol in both plasma and intima was higher in this animal than in the control group, so the animal was obviously responding abnormally to the treatment and was therefore excluded from the dataset.
Results
Clinical parameters
Feeding a standard rabbit chow containing cholesterol with or without RSO sterol or stanol esters in different concentrations had no effect on the clinical appearance of the rabbits. No significant differences were observed between the groups on body weight, weight gain, daily feed consumption or relative feed intake ( Table 2 ). In the 34 g/kg RSO stanol ester group, one rabbit was euthanised after 13 weeks of experimental feeding due to disturbed clinical appearance; autopsy showed no changes related to treatment.
Plant sterols
In plasma. Campesterol, sitosterol, brassicasterol, campestanol and sitostanol were found in measurable concentrations in plasma of all four treatment groups (Table 3) . RSO sterol ester feeding caused significantly higher concentrations of campesterol (P, 0·001), sitosterol (P, 0·001) and brassicasterol (P,0·001) in plasma compared with the control group. The brassicasterol concentration was 0·6 % of total plant sterols in plasma in the RSO sterol ester group compared with 0·7 % in controls. The percentage of total plant sterols to cholesterol in the RSO sterol ester group was increased to 12 % (P,0·001) compared with 0·9 % in the control group.
In both the low-and high-dose RSO stanol ester groups when compared with controls, increased campestanol (P,0·001) and sitostanol (P, 0·001) concentrations were observed, but there were no significant differences in the plant stanol concentrations between the two RSO stanol ester groups. The percentage of plant stanols to cholesterol was increased in both the low-dose and the high-dose RSO stanol ester groups (P, 0·001) when compared with the control group.
In both RSO stanol ester groups, significantly lower concentrations of campesterol (P,0·01), sitosterol (P, 0·001) and brassicasterol (low dose, P, 0·05; high dose, P, 0·01) were observed compared with the control group.
In cranial aorta. Campesterol, sitosterol, brassicasterol, campestanol and sitostanol were found in measurable concentrations in aortic tissue of all four treatment groups (Table 3 ). In the RSO sterol ester group an increased concentration of campesterol (P, 0·01) was recorded compared with the control group. Sitosterol was significantly lower (P,0·001) and the brassicasterol concentration in this group was comparable with the control group. The percentage of total plant sterols to cholesterol in the RSO sterol ester group was increased significantly (P, 0·001) when compared with the control group.
In the RSO stanol ester groups concentrations of campestanol in aortic tissue were increased in the low-dose group (P, 0·01) and in the high-dose group (P, 0·05) when compared with the controls. Sitostanol concentrations in the RSO stanol ester groups were comparable with the concentrations in the control group. The total plant stanol concentration was comparable between the two RSO stanol ester groups. The percentage of plant stanols to cholesterol in cranial aorta was increased both in the low-dose RSO stanol ester group (P,0·001) and in the high-dose RSO stanol ester group (P, 0·001) compared with the control group. In both of the RSO stanol ester groups significantly decreased concentrations (P, 0·001) of all three sterols (campesterol, sitosterol and brassicasterol) were found.
Blood lipids
Plasma cholesterol was significantly lower in all treated groups after the 3rd week of treatment and throughout the study compared with the control group (Fig. 2 ). There were no significant differences in plasma cholesterol concentrations between the RSO sterol and the two RSO stanol ester groups.
Lathosterol was significantly lower in plasma of all three treated groups compared with the control group (Table 3) , -0·9  0·3  1·7  0·5  --Total sterol esters  ------1·7  0·5  Cholesterol  0·1  0·03  0·1  0·03  0·1  0·03  0·1  0·03 whereas the percentage of lathosterol to cholesterol was comparable between the treated groups and the control group. LDL-cholesterol was significantly decreased in both the high-dose RSO stanol ester group (P, 0·001) and the RSO sterol ester group (P, 0·01) as compared with controls (Fig. 3) . In both high-dose groups the reduction was over 50 % of the control value.
Plasma TAG decreased significantly in the control group and the two RSO stanol ester groups from the initiation of the study to week 6, whereas this decrease was not significant in the RSO sterol ester group (Fig. 4) . In both the RSO stanol ester groups plasma TAG concentrations were comparable with control values for the duration of the study. In the RSO sterol ester group a significantly higher plasma TAG Mean value was significantly different from that of the control group: * P,0·05, ** P,0·01, *** P, 0·001. † Part of these data has been previously published by Fricke et al. (29) . ‡ Phytosterols ¼ plant sterols þ plant stanols. concentration was recorded in the 3rd week when compared with the control group and both RSO stanol ester groups and from week 9 throughout the rest of the study when compared with controls. In this group TAG was also significantly higher than in the low-dose RSO stanol ester group in weeks 9, 12 and 18. There were no statistically significant differences in the distribution of TAG in lipoproteins between the RSO stanol and sterol ester groups when compared with the control group (Fig. 5) .
Aortic atherosclerosis
Biochemical evaluation of cranial aorta. The cholesterol content in intima of the cranial aorta was significantly reduced (P,0·001) in all RSO stanol and sterol ester groups compared with controls (Table 3) .
Total lathosterol was significantly reduced in all three treated groups (P, 0·001) compared with the control group ( Table 3 ). The percentage of lathosterol to cholesterol was significantly increased in the low-dose RSO stanol ester group (P,0·01) and in the high-dose RSO stanol and sterol ester groups (P,0·001) compared with controls.
Morphological evaluation. Macroscopic examination revealed thirteen rabbits in the control group with aortic atherosclerosis, whereas there were only three rabbits in each of the RSO stanol ester groups and one in the RSO sterol ester group (Table 4) .
In the control group, 36 % of cranial aorta, 26 % of thoracic aorta and 15 % of abdominal aorta was covered with plaque ( Fig. 6 ). In the treated groups the total area of the aorta covered with plaque varied between 0 and 2 %, the area being the largest in the low-dose RSO stanol ester group.
Microscopic examination revealed that significantly more animals from the control group had atherosclerotic lesions in the three ring-sections from the aorta compared with the RSO stanol and sterol ester groups. In the controls all three lesion types were present and more severe lesions were seen in the more caudal parts of the aorta (Table 5 ). In the lowdose RSO stanol ester group and the RSO sterol ester group three and two rabbits, respectively, had lesions evaluated as fatty streaks or fibrous plaques. In the high-dose RSO stanol ester group no atherosclerotic plaques were observed.
Correlations between percentage of phytosterols to cholesterol in plasma and intima
There was a strong positive correlation between plasma and intima of the percentage of phytosterols (plant sterol þ plant Mean value was significantly different from that of the control group: * P, 0·05, ** P, 0·01, *** P, 0·001. Fig. 4 . TAG concentrations in plasma measured enzymically during and after rapeseed oil (RSO) stanol or sterol ester feeding for 18 weeks. ( ), Control group; ( ), RSO stanol ester (17 g/kg) group; ( ), RSO stanol ester (34 g/kg) group; ( ), RSO sterol ester (34 g/kg) group. Values are means, with standard deviations represented by vertical bars. TAG concentrations were higher in the RSO sterol ester group than in the control group and both RSO stanol ester groups throughout the study. Mean value was significantly different from that of the RSO sterol ester group: * P, 0·05, ** P, 0·01. After 6 weeks the control group and both RSO stanol ester groups, but not the RSO sterol ester group, had significantly lower TAG as compared with baseline values. Mean value was significantly different from that at baseline in the same group: † † P, 0·01, † † † P, 0·001. stanols) to cholesterol (control group, r 0·93, P,0·001; low-RSO stanol ester group, r 0·60, P,0·05; high-RSO stanol ester group, r 0·51, P,0·05; RSO sterol ester group, r 0·50, P,0·05).
Semi-quantitative evaluation of tissue for macrophages
Animals of all groups had infiltrations with macrophages in submucosa of the duodenum. In the groups fed high doses of RSO sterol or stanol esters the accumulation of macrophages was pronounced and significantly increased when compared with controls (P, 0·05) (Fig. 7) . In lung tissue slight infiltrations with macrophages mainly around the larger arteries were found in animals of all four treatment groups, with no significant differences between the groups (Fig. 7) . Infiltrations with macrophages in the myocardium were not observed in any of the groups. Cranial aorta 0·08 0·23 0·00*** 0·00 0·00*** 0·00 0·00*** 0·00 Median 0·01 0·00 0·00 0·00 Range 0·00-0·99 0·00 -0·00 0·00 -0·00 0·00 -0·01 Thoracic aorta 0·15 0·25 0·00*** 0·01 0·00*** 0·00 0·00*** 0·00 Median 0·02 0·00 0·00 0·00 Range 0·00-0·90 0·00 -0·04 0·00 -0·00 0·00 -0·00 Abdominal aorta 0·21 0·36 0·01** 0·02 0·00*** 0·00 0·02** 0·00 Median 0·07 0·00 0·00 0·00 Range 0·00-1·51 0·00 -0·08 0·00 -0·00 0·00 -0·43 Area of intima (mm 2 ) Cranial aorta 0·25 0·63 0·00*** 0·00 0·00*** 0·00 0·00*** 0·00 Median 0·05 0·00 0·00 0·00 Range 0·00-2·70 0·00 -0·00 0·00 -0·00 0·00 -0·03 Thoracic aorta 0·32 0·56 0·01** 0·02 0·00*** 0·00 0·00*** 0·00 Median 0·05 0·00 0·00 0·00 Range 0·00-2·00 0·00 -0·14 0·00 -0·00 0·00 -0·00 Abdominal aorta 0·31 0·47 0·01** 0·04 0·00*** 0·00 0·02** 0·08 Median 0·07 0 0·00 0·00 Range 0·00-1·79 0·00 -0·08 0·00 -0·00 0·00 -0·34
Value was significantly different from that of the control group: ** P, 0·01, *** P, 0·001.
Discussion
RSO plant sterol blends contain the unique brassicasterol in concentrations higher than what is allowed for plant sterol blends to be added to food products in the European Union (23) . In the present study the effects of RSO plant sterol and stanol ester blends on blood lipids and experimental atherosclerosis were investigated in cholesterol-fed Hh-WHHL rabbits. In this model both RSO sterol and stanol esters had clear hypocholesterolaemic and anti-atherogenic effects.
Before and during the study the rabbits were fed a standard rabbit chow produced from natural plant components that may include rape. This explains the presence of plant sterols, including brassicasterol, in the feed and in plasma of all the rabbits before and after experimental feeding, and also in the control group as well as the RSO stanol ester groups. RSO sterol ester feeding markedly increased the plant sterol concentrations in the plasma overall, whereas RSO stanol ester feeding increased the plant stanol concentrations and lowered the plant sterol concentrations in the plasma compared with controls. The observed changes in the sterol and stanol concentrations in the plasma in response to treatment was in accordance with previous reports (14,15,34 -36) . The mechanism by which stanol esters exert their plant sterol-lowering effect is not exactly known, but the observed effect has been described previously in a number of publications (1, 6, 37, 38) . A competitive incorporation based on total mass of plant stanols compared with plant sterols could be responsible for this effect. Another possibility which has been shown in human subjects (39) is that a high intake of stanol esters leads to the esterification of cholesterol, plant sterols and re-esterification of free plant stanols in the gut.
In the present study the increase in plant stanols in plasma was comparable for the two dose levels of RSO stanol esters. This finding is in accordance with a previous study in Wistar rats, where increasing the dose of stanol esters from 17 g/kg to 84 g/kg did not cause significant changes in plasma plant stanol levels (40) . Thus, these observations indicate that the absorption of plant stanols is limited and dose independent, resulting in a saturation or threshold level in the blood. Campesterol was present in the highest concentrations of all plant sterols measured in the blood. This is in accordance with previous studies in rats and mice, showing that campesterol is the plant sterol taken up to the blood fastest and in highest concentrations due to its chemical composition (35, 41, 42) . It is well known that plant sterols and stanols are not only taken up into the blood, but can also be found in different tissues following oral exposure. Plant sterols have been found in several tissues of mice (43) and rats (42) , in brain tissue of Hh-WHHL rabbits (29) and in aortic tissues of New Zealand White rabbits (34) . The present study is the first to report concentrations of plant sterols and stanols in intima of the cranial aorta. In the present study only campesterol in the RSO sterol ester group and campestanol in the RSO stanol ester groups were found in significantly increased concentrations in aortic tissue compared with the control group.
There was no significant difference in the amount of plant stanols incorporated into aortic tissue between the two RSO stanol ester groups. These findings suggest that a threshold level of plant stanols was obtained in aortic tissues in accordance with what was seen in plasma. Furthermore, the amounts of sitostanol and total plant stanols were not increased compared with the control group.
RSO plant stanol esters markedly reduced the total concentration of plant sterols both in plasma and in the cranial aorta, whereas RSO plant sterol esters caused significantly increased total concentrations of both plant sterols and plant stanols in plasma, but only plant sterols were increased in the cranial aorta. In the RSO sterol ester group the percentage of total plant sterols to cholesterol was comparable in plasma (12 %) and in the cranial aorta (10 %). The total concentration and percentage of plant sterols to cholesterol in plasma due to RSO sterol ester feeding was much higher than what has previously been reported in animal studies (14, 43, 44) . RSO sterol ester feeding led to a lowering of the sitosterol concentration in the cranial aorta. The preferential incorporation of campesterol over sitosterol seen in the present study is in accordance with results found in whole aortas from New Zealand White rabbits (15) and in different tissues of apoE*3-Leiden mice (43) . In the present study the percentages of phytosterols to cholesterol in plasma and intima of the cranial aorta were comparable within each group and positive correlations were observed for each group in percentages of phytosterols to cholesterol between plasma and intima. These results indicate that there was no preferential incorporation into aortic tissue of either plant stanols or plant sterols over cholesterol. Furthermore, the correlations are in agreement with other studies in human subjects and in experimental animals (10, 45) . Feeding RSO plant sterols with about 10 % brassicasterol led to about a 5-fold increase in plasma concentrations of brassicasterol compared with control, but the absolute plasma concentration still remained at a low level compared with sitosterol and especially compared with campesterol. Furthermore, the concentration of the RSO-specific brassicasterol was not increased in the cranial aorta. A low plasma concentration and percentage of brassicasterol comparable with the control group indicate a low uptake of brassicasterol at least when fed as part of a plant sterol blend containing 90 % other plant sterols. The low concentration of brassicasterol in aortic tissue further indicates that clearance from the blood is slower than of other plant sterols and that its incorporation into body tissues is limited compared with campesterol.
The long-term biological significance of plant sterols being present in the aortic wall following oral exposure has not been discussed in the scientific literature. However, evidence of profoundly disrupted cholesterol homeostasis in adrenal tissues with interferences of cholesterol regulation when plant sterols were present in this tissue has been reported (46) while another study reports that cholesterol synthesis in brain tissue does not seem to be affected by the presence of RSO sterols or stanols (29) . The dosage of RSO plant sterols and stanols was very high in the present study (0·1 g/kg BW per d) when compared with the daily intake considered optimal for cholesterol-lowering purposes in humans (3 g/d or 0·04 g/kg BW). The high doses were chosen because rabbits have a metabolic rate approximately 2·5 times higher than humans (47) . Furthermore, these doses permitted the investigation of possible side effects of high exposure to brassicasterol through an RSO plant sterolcontaining diet. Clinical appearance, body weight, weight gain and feed intake were not affected, indicating that the dietary exposure to an RSO plant sterol blend with a high concentration of brassicasterol was well tolerated. The concentrations of plant sterols and stanols in plasma were much higher in the Hh-WHHL rabbits in the present study than those reported in human subjects eating food products with plant sterols or stanols (36) . This is obviously partly due to the high dietary exposure to RSO sterol and stanol esters in the present study, but it is also explained by the higher plasma concentrations of plant sterols and stanols generally observed in studies with experimental animals compared with plasma concentrations obtained in human subjects consuming plant sterols. Number of lesions was significant different from that in the control group: * P,0·05, *** P,0·001. † For cranial aorta, data on one animal were missing in the 17 g/kg RSO stanol ester group.
In the present study dietary treatment with RSO plant sterols in high and stanols in low and high doses significantly reduced blood concentrations of total and LDL-cholesterol and inhibited the development of experimental atherosclerosis in Hh-WHHL rabbits. Thus, RSO plant sterol and stanol esters exert similar effects on experimental hypercholesterolaemia and atherosclerosis to plant sterols and stanols from other sources tested in other animal models (12,14 -18) . It should be noted that the difference in total cholesterol levels reported in Fig. 2 and Table 3 was due only to different analytical methods. The enzymic method measures all sterols in plasma, whereas the GC -flame ionisation detection method enables a separation of the different sterols in the plasma. This explains why the total cholesterol concentration was higher when measured enzymically. The dissimilar results obtained by the two methods did not influence the conclusions of the study, as cholesterol levels were only used to perform intra-method comparisons.
In the present study all atherosclerosis parameters were significantly lower in the RSO stanol and sterol ester groups compared with the control group. The incidence, extent and severity of aortic atherosclerosis in the RSO plant sterol ester and stanol ester groups was very low compared with similar studies (10, 14) . One possible reason for this could be that the mean plasma cholesterol levels remained at rather low levels throughout the study in response to the RSO sterol and stanol ester treatment.
In the present study the concentration of lathosterol, a precursor to cholesterol, was significantly lower both in plasma and in intima of the cranial aorta in all RSO stanol and sterol ester-treated groups compared with the control group. However, the lathosterol:cholesterol ratio, the indicator for cholesterol synthesis, was comparable for all groups only in plasma whereas it was significantly increased in the intima of the three treated groups compared with the control group. The findings in plasma are in contrast to the effects reported for human subjects and in other animal studies. In human subjects, both the concentration of lathosterol and the lathosterol: cholesterol ratio increased in plasma in response to exposure to plant sterols or stanols (36,48 -50) . In apoE*3-Leiden transgenic mice fed a Western-type diet with plant stanol esters added, the lathosterol:cholesterol ratio was increased in plasma (51) . Furthermore, increased total lathosterol has been reported in plasma of female Wistar rats exposed to dietary doses of plant stanol esters (40) . The present study is the first to report effects of plant sterols and stanols on the lathosterol: cholesterol ratio in aortic intima from cholesterol-fed animals. The observed increase in the lathosterol:cholesterol ratio in the cranial aorta in all of the treated groups compared with the control group may not be a sign of increased cholesterol synthesis in the intima related to treatment. More probably the increased ratio was caused by a larger decrease in the cholesterol content than in the lathosterol content in the intima.
The significant effect of RSO sterol ester feeding on TAG levels in plasma has not been reported in other experimental animal models, whereas the observed decrease in the control and RSO stanol ester groups through the first 6 weeks of the study was a response to changed dietary intake of fat which has been described previously (52) . It should be noted that the rabbits were weaned the day before initiation of the study and received during the suckling period their mothers' milk with a fat content of approximately 13 % fat (53) . Infiltrations with macrophages in the small intestines could be a local adaptive response to the presence of high concentrations of sterol and stanol esters in the gut. These findings have not been reported in other animal models in relation to plant sterol or stanol ester feeding.
In conclusion, the present study demonstrated that RSO plant stanols and RSO sterols with a naturally high concentration of brassicasterol are well tolerated, have hypocholesterolaemic effects and inhibit experimental atherosclerosis in cholesterol-fed Hh-WHHL rabbits. It is generally accepted by scientific experts that human consumers of plant sterolor stanol-enriched food products can reduce their risk of CVD by lowering cholesterol levels in the blood when eating these products. Nevertheless, intervention studies showing that plant sterols or stanols reduce the risk of CVD are unavailable (2) . Published animal studies show contradictory results on regression and retardation of atherosclerosis and further studies are needed to elucidate the effect of plant sterol and stanol ester feeding on animals with established atherosclerosis.
